Abstract: In 2007, extensive botanical studies were carried out in the Gagaty So≥tykowskie Reserve (Ma≥opolska Upland, southern Poland) to compile comprehensive flora inventories ñ separately for a post-mining area and the surrounding forest. The main aim of the study was to assess the influence of the surrounding vegetation on the flora of a former ceramic clay mine located in the middle of a dense forest. The results show that over 30 years after closure, the former mine is now home to several valuable and protected species of vascular plants, with the rate and direction of succession determined mainly by the surrounding vegetation. Because ruderal species have no direct access to the area, non-synanthropic, indigenous species are dominant in the Gagaty So≥tykowskie Reserve (GS).
Introduction
Post-mining landscapes have been the subject of extensive botanical studies for several years. The studies mainly aim at defining the direction and rate of succession (Schultz & Wiegleb 2000; H¸ttl & Weber 2001; Wiegleb & Felinks 2001a , 2001b . In Poland, post-mining flora and vegetation were studied mainly in Upper Silesia (Sieradzki 1998; Ko≥odziejek 1999 Ko≥odziejek , 2001 , Central Poland (SiciÒski & Sieradzki 2009 ) and åwiÍto-krzyska Land (PodgÛrska 2010). One of the most important results of botanical studies conducted in postmining areas was the useful insight into the importance of these areas for the protection of biodiversity and valuable species of vascular plants ( Abresch et al. 2000) .
Because of considerable transformations of land within a small area, post-mining landscapes are characterised by extraordinary habitat heterogeneity and, thus, also biodiversity (Antwi et al. 2008) . If the areas are not recultivated after discontinuation of mining operations, they become regions of primary succession where phytocoenoses are formed as a result of distribution of propagules from other phytocoenoses (FaliÒski 1986) . The dynamics and direction of succession depend mainly on the surrounding vegetation, soil characteristics and nutrient availability (e.g. Hillier 1990; Lavorel et al. 1994; Hobb & Mooney 1995; Crawley 2004; Prach & Rehounkova 2006) .
Field studies were carried out in the Gagaty So≥ty-kowskie (GS) Reserve (Ma≥opolska Upland, southern Poland), which is located in a dense forest complex. The main aim of this study was to determine the impact of the surrounding vegetation on the flora of post-mining sites. The following hypothesis was tested: a forest is a kind of ecological barrier which limits propagation of synanthropic species to strongly transformed areas, thus the flora of the post-mining area surrounded by woodlands is characterized by a high level of naturalness.
In order to verify this hypothesis, the authors examined the following tasks: (i) the inventory of vascular plants in the GS Reserve; (ii) the indication of plant species which colonized the post-mining area; (iii) estimation of the succession stage in 34 years after discontinuation of the mineral excavation; (iv) estimation of the importance of the post-mining area for rare and protected species conservation.
According to the physico-geographical division of Poland, the area is located in Ma≥opolska Upland subprovince, Kielce Upland macroregion, SuchedniÛw Plateau (Kondracki 2002 (Ryka & Maliszewska 1991) . The name of the reserve is derived from the Polish word Ñgagatî ñ meaning jet which is found in large numbers here. In the past, the stones were used to produce mourning jewellery (Ryka & Maliszewska 1991) . Central part of the reserve has been profoundly transformed by human activity. The landscape is dominated by waste dumps, landslides and a small non-outlet area which is always filled with water. The reserve, apart from post-mining surfaces whose area extends over 9.2 ha, also includes a narrow strip of vast upland coniferous forests which are part of a big, dense forest (Fig. 1) . Forest phytocoenoses cover a total of 30.8% of the reserve area. The distance from the nearest houses and open farming land is 1 km.
GS Reserve is known all over the world because of numerous dinosaur signs (e.g. dilophosaurus and sauropoda) and traces of their nests and eggs found here (Karaszewski & Kopik 1970; PieÒkowski & GierliÒski 1987; GierliÒski 1991; GierliÒski & PieÒkowski 1999; GierliÒski et al. 2001 GierliÒski et al. , 2004 GierliÒski & Niedüwiedzki 2002; Niedüwiedzki & Niedüwiedzki 2004; Niedü-wiedzki 2006) . Ichnofossils (plant roots) and invertebrate trace fossils were discovered here as well (Karaszewski & Kopik 1970; Wegierek & Zherikin 1997; PieÒkowski & Niedüwiedzki 2009; PieÒkowski & Uchman 2009 ). Geological studies were conducted by Heflik et al. (2001) and PieÒkowski (1991 PieÒkowski ( , 2009 and paleobotanical studies by Wcis≥o-Luraniec (1991) , Ziaja (1991 Ziaja ( , 2006 and ReymanÛwna (1991) .
No extensive floristic studies have been conducted in the reserve before. Fragmentary data were reported by BrÛø & Przemyski (1981 , 1983 , 1989 , PodgÛrska (2005 PodgÛrska ( , 2007a PodgÛrska ( , 2007b , Maciejczak (1988).
Material and methods
Field studies were carried out from spring to autumn 2007 and involved compiling a comprehensive inventory of the reserve flora divided into forest and postmining areas. Then, the two types of flora were compared. The species affiliation to sociologic and ecologic groups (Chmiel 2006) , Raunkiaerís life forms (Zarzycki et al. 2002) and geographic and historic groups (Chmiel 2006) was analyzed. On the basis of species affiliation to geographic and historical groups, the naturalness index (NI) (number of non-synanthropic indigenous species/number of all species) and the anthropophytisation index (AI) (number of anthropophytes/number of all species) were calculated (Jackowiak 1990; with changes of Chmiel 2006) . Habitat acidity, trophy and humidity were also determined based on ecological indicators (Zarzycki et al. 2002) .
Latin names of species were given after Mirek et al. 
Results
The total of 204 vascular plant taxa was discovered in the test area, out of which 125 were present only in the post-mining area, 9 ñ only in the surrounding forest ecosystem and 70 taxa were present in both areas within the reserve (Appendix 1). The species found within the reserve were members of 50 families and 136 genera. Most numerous families included: Astereaceae, Poaceae, Cyperaceae and Fabaceae (27, 25, 16 and 16 species, respectively). As many as 22 families were represented by only one species.
The investigations carried out in the GS Reserve allowed identification of 16 species protected, rare and threatened either in the entire territory of Poland (Zarzycki & Szelπg 2006) or in Malopolska Upland (BrÛø & Przemyski 2009) (Table 1 ) Most of them (10 taxa) were present only in the transformed area, Convallaria majalis was present only within non-transformed forests and the remaining 4 species (Daphne mezereum, Frangula alnus, Lycopodium annotinum and L. clavatum) were present in both areas.
The affinity of the species to sociological and ecological groups was analysed. The species described belonged to 13 units. The most numerous group (13%) comprised species of acid oak mixed forests (Fig. 2) which dominated both within the forest and post-mining area species. The latter area was abundant in humid and marsh habitat species which were scarce in the surrounding forest.
Hemicryptophytes strongly dominated in the studied area ñ they comprised as much as 60% of all species (Fig. 3) . They covered the biggest part of both the postmining area and the surrounding forest.
The performed analysis of plant species affiliation to geographic and historic groups within the reserve demonstrated that it was dominated by non-synanthropic indigenous species (41%) (Fig. 4) . The least numerous groups were archaeophytes (Matricaria maritima ssp. inodora, Sonchus asper, Vicia villosa) and kenophytes (Chamomila suaveolens, Conyza canadensis, Epilobium ciliatum, Lupinus polyphyllus, Picea abies) which were present only in the post-mining landscape. Based on the number of species from individual geographic and historic groups, the NI and AI indices were determined (Table  2) . Index values determined for post-mining areas and the surrounding forest were not significantly different. The analysis of ecological indicators (Table 3) revealed that the biggest group of species comprised plants with preference for neutral (54%) and mesotrophic base (52%) and moderately sunny exposure (57%).
Discussion
Pits are formed as a result of intensive mining when production waste is not returned. These places are often over humidified ñ either because of scarce land permeability or because of high groundwater levels. Like all cavities, they have specific microclimate involving ground frost and weak air circulation. Plant succession rate and direction in such conditions is dependent on many factors. The rate is particularly affected by the type of rock bed, shape and geometric parameters of a pit, climate as well as the location and type of the surrounding vegetation (Hillier 1990; Lavorel et al. 1994; Hobb & Mooney 1995; Crawley 2004; Prach & Rehounkova 2006; Witt 2006) . Overgrowing in areas like that is very quick. With susceptible land like clay, silty and carbonate rocks, vegetation appears as quickly as after 2 years and quickly overgrows the whole area (Paulo 2008). The above was confirmed by the studies conducted in the pit of GS geological reserve. 34 years after mining operations were discontinued, vegetation succession was quite advanced as demonstrated, for instance, by the analysis of the number of individual life-forms accordding to Raunkiaerís scheme. Like in many other pits (M≥ynkowiak & Kutyna 1999; Koszelnik-Leszek & Kasowska 2009) , also in the studied pit hemicryptophytes were found strongly dominant (61%). Geophytes also constituted quite a big group (11%). The number of megaphanerophytes (9%) was of considerable importance here. Massive invasion of light seeded trees such as Betula pendula, Populus tremula and forest-forming species i.e. Pinus sylvestris was observed. Advancement of succession was also confirmed by the results of ecological indicator analysis. The biggest group of species included those that favour moderate sun exposure, neutral and mesotrophic base. Earlier stages were dominated by relatively small organisms that prefer direct sunlight and low trophy base (Krajewski 2009).
The most important local factors influencing the direction of spontaneous vegetation succession are: water level, soil pH and structure, vicinity of forests, grasslands and arable land, favourable winds and droppings of birds and rodents (Paulo 2008; ÿehounkov· & Prach 2006) . In the case of the examined reserve, the impact of the surrounding vegetation communities was easily noticed. The area was located within a relatively big forest, mostly composed of pine and fir trees, which prevented invasion of plants from other habitats. This Explanations: soil acidity values, 1 ñ highly acidic (pH<4), 2 ñ acidic (4≤pH<5), 3 ñ moderately acidic (5≤pH<6), 4 ñ neutral (6≤pH<7), 5 ñ alkaline (pH>7); soil trophy values, 1 ñ extremely oligotrophic, 2 ñ oligotrophic, 3 ñ moderately poor (mesotrophic), 4 ñ eutrophic, 5 ñ extremely fertile; soil moisture values, 1 ñ very dry, 2 ñ dry, 3 ñ fresh, 4 ñ moist, 5 ñ wet, 6 ñ aquatic; light value, 1 ñ deep shade, 2 ñ moderate shade, 3 ñ half-shade, 4 ñ moderate light, 5 ñ full light Table 3 . Habitat conditions in the Gagaty So≥tykowskie Reserve based on floristic indices was well confirmed by the obtained results. According to Balcerkiewicz et al. (1985) , apophytes (67%) are strongly dominant in different types of pits among historic and geographic floristic groups. Another characteristic feature is a low number of spontaneophytes (15%) and anthropophytes (18%) (Balcerkiewicz et al. 1985) .
In the case of the examined GS Reserve, some differences were discovered. First of all, non-synanthropic indigenous species were the most numerous group (43%) followed by apophytes (34%) and semi-synanthropic indigenous species (19%). Anthropophytes were the least numerous (below 4.5%) (Fig. 3) . Flora composition was strongly influenced by the existing migration barrier, i.e. the forest, as mentioned above and also most likely by the lack of seed bank for semi-natural and anthropogenic habitats. Moreover, it was also important that the pit was the area of natural vegetation succession and no recultivation was undertaken. In the event of recultivation, expansive plant species are involuntarily introduced and may, within a very short time, invade post-industrial areas (Szarek-£ukaszewska & GrodziÒska 2007) . Similar conclusions were drawn for studies in limestone quarries in Bohemian Karst, Czech Republic (Tropek et al. 2010) , where unrecultivated quarries were characterised by a high number of rare species of arthropods and plants. Among sociological and ecological groups, species of acid oak mixed forests and their substitutive clearing, meadow and grassland communities were most numerous. Also in sand, aggregate and gravel pits the community group mentioned above was mostly dominant (M≥ynkowiak & Kutyna 1999) . This group of species was dominant both within the post-industrial zone and in the surrounding forests in the GS Reserve. The above showed that the surrounding vegetation was a decisive factor when it came to the post-mining area flora.
The available literature provides a few examples of protected and rare plant species in post-mining areas (Ko≥odziejek 2001; Czylok et al. 2008) . It seems that at present, the most valuable surfaces of this type are located within strongly degraded mining areas. This is due to the fact that once the works were finished, people were not able to adapt the areas to new functions such as farming and, therefore, in the course of the ensuing succession, unique biocenotic relations were created (Molenda 2005; Czylok et al. 2008) . Biological diversity of newly formed habitats may, in certain cases, be higher than that of the original habitat (Molenda 2005). They often are so valuable that they are assigned a protection status. An example of this phenomenon is åwinia GÛra strict reserve. The area used to serve as an open cast mine of iron ore (between 17 th and the beginning of the 19 th century) (BaraÒski 1959; Olaczek 2008) . The reserve was created to protect natural, multi-storey mixed tree stands specific for the åwiÍtokrzyska Forest (KopeÊ et al. 2011) .
Bottoms of former sand-pits are the most valuable of all former work areas (B≥oÒska 2010). Gagaty So≥ty-kowskie geological reserve is home to plants which are protected and rare ñ both in Poland and in the region (Appendix 1). Anthropogenic, mining-related areas may thus become replacement niches in the degraded areas.
Conclusions
ï Post-mining areas that were protected in the GS Reserve for over 30 years underwent spontaneous succession. ï Post-mining areas and the surrounding forest are dominated by species belonging to the same historic and geographic groups ñ non-synanthropic indigenous species and sociological and ecological groups ñ acid mixed oak forests. Advancement of succession and a strong impact of the surrounding forests on the direction and rate of natural, dynamic processes were confirmed. ï 1 km wide forest ring surrounding the former clay mine from all sides effectively prevented distribution of propagules from anthropogenically transformed habitats and, therefore, the quality of postmining area flora is quite high. ï Surrounding vegetation is one of the main determinants of the species composition found in the postmining area. The dense forest complex limits propagation of synanthropic species from the outside. Therefore, flora of strongly transformed areas is similar to the flora of the surrounding woodland vegetation. ï Post-mining landscapes that underwent natural succession became home to many precious and protected vascular plant species. ï Spontaneous succession of the post-mining areas, which are surrounded by natural or semi-natural vegetation leads to colonization of these areas by valuable species of vascular plants. Such areas should not undergo reclamation, which can disturb spontaneous succession.
